Abstract: This paper explores an event-based version of quantum mechanics which differs from the 1 commonly accepted one, even though the usual elements of quantum formalism, e.g., the Hilbert 
Postulate 1. ∃E ⊂ T such that: 140 a) E is finite or countable; 141 b) ∀t k ∈ E, k ∈ N, ∃! f : t k → |ψ t k ψ t k |; |ψ t k ∈ H 142 c) For each value of k, a conditional probability Prob[(|ψ t k ψ t k |) (|ψ t k+1 ψ t k+1 |)] =
143
Prob[(|ψ t k+1 ψ t k+1 |) (|ψ t k ψ t k |)] exists.
144
We call the application f the 'manifestation' of the 'event' |ψ t k ψ t k |. As one can see, this event is a self-adjoint operator on H; t k is the 'instant' when the event 'occurs'. It is assumed that t k+1 ≥ t k , ∀k ∈ N and there are not events manifested in the interval (t k , t k+1 ). The postulate 1 thus defines a causal structure of successive events based on a conditional probability. Let us consider now a linear operator o on H, which is diagonal in the orthonormed and complete basis |φ i ; i = 1, 2, 3...:
The projector |φ i φ i | is a possible image of the application f at the time t if ∃|ψ ∈ H such that 
147
Postulate 2. The conditional probability of two successive events |ψ t k ψ t k | and |ψ t k+1 ψ t k+1 | is expressed as:
with S = exp(− ī h t t k H dσ); σ ∈ (t k , t k+1 )
where H = H + is a physical quantity on H called 'Hamiltonian'.
148
Postulate 2 defines a rule for the conditional probability that connects two subsequent events (Born rule). The mean value of the physical quantity (1) manifested in the event |ψ t k ψ t k | is given, as it is easy to verify, by:
The postulate 2 does not privilege either of the two directions of time. However, it is also possible 149 to introduce a time-oriented dynamics by defining the pair of amplitudes:
150 |ψ t = S|ψ t k ; quantum 'forward' amplitude (5) to which the two time evolution equations, equivalent to Equation (2):
ih∂ t |ψ t = H|ψ t for t ∈ [t k , t k+1 ) 'forward' evolution (6) − ih∂ t ψ t | = H ψ t | for t ∈ (t k , t k+1 ] 'backward' evolution (7) are respectively associated. In general, however, it is |ψ t t=t k+1 = |ψ t k+1 and ψ t | t=t k = ψ t k |.
151
This circumstance is named 'quantum jump' or 'quantum discontinuity'. For t ∈ (t k , t k+1 ) it is formally 152 possible to define the mean values ψ t | o|ψ t , ψ t | o|ψ t , but they have not a direct physical meaning as 153 they are not manifested in an event.
154
Along this alternative route, the Born rule can be introduced as follows. Let A = Σ i a i |a i a i | be a physical quantity. Let us imagine n → ∞ mental copies of the causal connection between two subsequent events (without intermediate events), and impose that these copies differ only for the final event. The final events will all be, by hypothesis, of the kind |a i a i |; this is possible in virtue of the definition of A as a physical quantity, which assures the existence of a manifestation f with these images. The final 'average' event will then be:
From (8) we have ∑ i P i = 1, so that P i is the probability of the manifestation of the |a i a i | event whose existence is guaranteed by the postulate 1. Since the initial event is fixed, the quantum forward amplitude at the instant immediately preceding the manifestation of the final event is also fixed and we denote it as: |ψ = Σ i c i |a i
Thus, the density operator ρ = |ψ ψ| associated with this amplitude is also fixed. The operator 155 |a k a k | associated with the final event transforms |ψ in c k |a k , and then ρ in c * k c k |a k a k |. The same 156 operator transforms Λ in P k |a k a k | .
157
The coefficients c i in Equation (9) evolve in time according to Equation (6) but their physical 158 meaning remains undefined. We define it by imposing that the effects of the two transformations (of ρ 159 and Λ) induced by the final event are equal, so that this event induces the transition ρ → Λ. As a result 160 of this definition we obtain P k = c * k c k that is the Born rule.
161
The postulate 2 can therefore be replaced by the evolution Equation (6) for the forward amplitude, adding as a new postulate the transition ρ → Λ induced by the final event (projection postulate). It is important to note that, despite the apparent irreversibility implied by both the choice of a determined temporal direction and the decoherence implicit in the projection postulate, such construction is completely time-symmetrical. One could start from the evolution Equation (7) for the backward amplitude, keep the final event fixed and assume the initial event as a variable. In this case the density operator ρ will be the one associated with the backward amplitude at the moment of the initial event, while Λ will be the 'initial average event'. One will then have to impose that, as a result of the initial event, ρ → Λ. Postulate 2 seems preferable because it avoids a separate postulate of projection. Before closing this section we would like to discuss briefly two valid concepts both for a manifestly time-symmetrical description and an apparently time-oriented formulation. Let us consider the event |ψ t k ψ t k |. If 
165
The second relevant point is that while the event |ψ t ψ t | represents the localization of the 'quality' ψ t (and the physical quantities associated with it) in the time domain, as for the spatial localization some additional remarks are necessary. The three-dimensional space enters our scheme only through the form of the Hamiltonian H. For example, posing:
where ∆ is the Laplacian operator on the Euclidean three-dimensional space E 3 , the equation ih∂ t |ψ t = H|ψ t admits solutions dependent on x ∈ E 3 :
The operator impulse is then defined as p = −ih ∇, and it acts on the space of the solutions ψ(x, t).
166
Equation (12) clearly shows that the operators |x x| are 'virtual sub-events' of the event |ψ t ψ t |.
167
This fact is generally denoted as 'spatial delocalization' of the wave-function ψ(x, t), although an
168
'a-spatiality' is really involved here, in the sense that the 'position' is not actually manifested except in 169 the particular case of a quality ψ t coincident with a particular spatial position x.
170
It seems useful to point out here that the use of a Hamiltonian operator does not indicate the 171 motion of anything, but rather it has to be seen as a 'probability gradient', a notion that unifies different 172 formalisms such as Bohm potential and Feynman path integrals [22] . The fact that the application 173 f introduced with the Postulate 1 is "sensitive" to time but not to space generates the well-known to the specific component of the singlet actually selected by the measurement becomes a real event.
181
The spin of the other particle is therefore localized in time at the same instant. It remains not localized 182 in space, but it can become so if the other particle is also subjected to a similar measurement. 
General Remarks on Measurements

184
Temporal localization is associated with interaction micro-events (quantum jumps) and not with 
196
Let us try to clarify formally the concept, at least sufficiently for the purposes of our argument. If the cluster were empty, that is, there were no events but only the possibility of their manifestation,
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Peer-reviewed version available at Symmetry 2019, 11, 181; doi:10.3390/sym11020181 such possibility would be (we assume) expressed by quantum amplitude |ψ , to which the density operator ρ = |ψ ψ| would correspond. We now postulate that |ψ is decomposable in a basis of amplitudes |ψ k , such that the actual manifestation of the events inside the cluster reduces ρ to its diagonal component in this basis. In other terms, ρ becomes a linear superposition ρ of density operators ρ k = |ψ k ψ k | :
When this happens we will say that the cluster is a classic macroscopic body. In practice,
197
(13) expresses the total decoherence of ρ in a basis selected by the dynamics of the events themselves.
198
Of course, the quantum equation of time evolution (whose validity is here assumed as universal)
199
applies to the operator ρ , and it can be objected that in general this evolution does not lead to the by the same discontinuities that constitute its essence, in a basis depending on its internal dynamics.
208
According to this view, a classical macroscopic body is an object, which is actualized in space and hand, the single event and the connection between two successive events represent phenomena that 213 cannot be classically described and therefore are, in this sense, 'entirely quantum'.
214
Let us consider now the elements |φ k of a second Hilbert space H (the "particle"); we assume 
219
Denoting with |φ = Σ k c k |φ k the probability amplitude of the events |φ k φ k |, evaluated at the instant t, the density operator associated with the complex measurement apparatus plus particle is then defined as ρ|φ φ| where ρ is defined by relation (13). Since the interaction between the particle and the apparatus, mediated by the QJ, is diagonal on the basis |ψ k |φ k , this operator evolves to:
This expression equates the diagonal component (on the basis |ψ k |φ k ) of the density operator 220 calculated in absence of quantum jumps, that is ρ |φ φ|, to which the same consideration previously 221 made for ρ can be now applied. Measurements are made possible by selective coupling between the
222
'particle' operators |φ k φ k | and the (already) de-coherent ρ k states of a classical macroscopic body.
223
Before the quantum jump, each ρ k is coupled to any |φ k φ k | and vice versa (without entanglement);
224
the quantum jump selects a specific coupling ρ k |φ k φ k | .
225
We deal with a two stage measurement process. The first stage involves only microscopic arises. This situation is modeled by Equation (14) as follows: λ * k λ k represents the fraction of silver 273 atoms in k-th grain; c * k c k is the probability of presence of the electron in correspondence of the k-th 274 grain. The quantum jump selects a specific state ρ k |φ k φ k | with probability λ * k λ k c * k c k .
275
The main advantage of this proposal lies, in our view, in the most definite delimitation of the 276 role of measuring apparatus. To illustrate the concept, consider the distribution of molecular speeds 277 in a gas at a definite temperature. The properties of this distribution are determined by the impacts 278 between the gas molecules and between these and the molecules of the vessel walls. These impacts 279 are all QJs that localize molecules in space-time. However, none of these impacts, which contributes 280 to defining the classical system 'gas', is observed by the experimenter. In fact, the amplification and 281 recording of the single impact is lacking (the system is at the equilibrium and without memory) so that we cannot speak of the energy and impulse exchanged in these impacts as 'observables'. In this section we apply the formalism defined in the previous sections to the concrete case of the pointer states of a measurement apparatus interacting with a micro-entity. In particular, we will consider the paradigmatic case of the "cat paradox" [27], trying to highlight how this paradox does not occur in the present formulation. In the conventional version of the QM the "cat paradox" is represented by the following situation:
where: G = nucleus in ground state, E = nucleus in excited state, L = live cat, D = dead cat. Let us see now how things are in the formulation we propose. First, the two states of the cat are decoherent because they are associated with distinct sets of actualizations (micro-events). Each of them is coupled with a distinct value of a dichotomous variable: "the QJ occurred" or "the QJ did not occur". The QJ is here the nuclear decay. Consider the nuclear amplitude:
The occurrence of the QJ corresponds to the action of the projector |G G| on ψ n ; the result of this action is A|G . The non-occurrence of the QJ corresponds to the action of the operator 1 − |G G| on ψ n ; the result of this action is B|E . We have therefore the two decoherent couplings A|G |D and B|E |L that originate the total density matrix:
which is the particular form assumed by Equation (14) for the specific problem. The single experimental 293 run begins with the preparation (|E E|)(|L L|), corresponding to the fact that a QJ has not yet 294 occurred. The nuclear amplitude evolves as a superposition of G and E until the decay occurs.
295
When the decay occurs, the density matrix relative to the single run becomes (|G G|)(|D D|).
296
This sudden transition is the killing of the cat. The unitary time evolution of the superposition 297 of G and E has no reflection on the status of the cat in the single run, except when the QJ occurs.
298
What happens is that the QJ converts the qubit ψ n to the corresponding bit "E or G". After that 299 the macroscopic measurement apparatus couples with this bit. Thus the QJ transforms quantum 300 information in classical information.
301
The decoherence of the L, D states of the cat makes them refractory to the superposition, and 302 therefore unsuitable to act as the basis states of a qubit that can be the input of a QJ. They can only 
307
In the conventional version, quantum amplitudes (bra or ket) are associated with the states of a 308 system. It turns out therefore incomprehensible that the same physical situation (the cat + nucleus complex) is simultaneously represented by a superposition and a mixture. Two "states" cannot in fact 310 be superposed and inchoerent at the same time. In this version, however, the amplitudes are associated 311 with events and not with states of any system; moreover, the nature of this association is different for 312 the superposition and for the mixture.
313
In the conceptual experiment of the cat, the superposition of amplitudes associated with the 314 nucleus (the "qubit") is relative to the two outcomes G and E, conditioned by past events (the "not-yet-decayed" (E).
320
As can be seen, the essential point is that the cat is a set of actualizations and its qualifications L and D represent two distinct complexes of classical properties a, b, ... z defined on this set, in a way such that:
Moreover:
In this expressions the symbols ¬, ∨, ∧ represent respectively the negation, the inclusive disjunction (the Latin vel) and the conjunction of classical logic. We immediately see that the properties attributed to the cat do not respect the relations of quantum logic. The distributivity of ∧ with respect to ∨ means that properties a, . . . , z are relative to a level of description that is enormously coarse if compared to the fineness of the quantum of action; on this level the possible non-commutativity of physical quantities does not play any role. A property of this type could be, for example, "inside the cat the blood circulation is active" or the opposite. It is evident that, with respect to the truth of statements of this kind, the quantum delocalization is irrelevant and we are therefore in the full domain of application of classical physics. Let us thus consider the quantum amplitude:
The projector |ψ ψ| describes a set of classical properties, as requested, if and only if |α| 2 = 1 or |β| 2 = 1. Otherwise, although it is a well-formed expression of quantum formalism, it will have an empty semantic set. It is the same situation that occurs in the grammar of the ordinary language with expressions like "the liquid pencil" or "the children of a sterile woman". In terms of the axiomatic discussed in this paper, |ψ ψ| can be manifested as an event if and only if |α| 2 = 1 or |β| 2 = 1:
Accordingly, in our re-formulation of quantum mechanics, the measurement apparatus is not 
Quantum Jumps and Bits: Localization in Time as Information
329
In this section, in which we will take the liberty to be a little more speculative, we would like to reconsider the idea of 'event', understood as 'localization in time', from an informational perspective. It seems to us that a possible starting point in this direction is represented by the uncertainty principle.
In our proposal, this fundamental principle of QM describes the intrinsic limitation of the manifestation of physical quantities on a quantum scale (let us consider, for example, the a-spatiality already mentioned in the case of the position). An expression of type σ(q)σ(p) ≥ h/4π indicates that it is not possible to reduce the product of the amounts of delocalization σ(q) of the position q and σ(p) of the momentum p below the limit value h; this value then sizes the volume of an elementary cell in the phase space. The volume occupied by a physical system in its phase space therefore contains a finite number of distinguishable states. The information associated with the manifestation of one of these states is therefore finite, though it may be enormous. Bekenstein estimated an upper bound for information I associated with a system with total energy E enclosed in a sphere of radius R in ordinary three-dimensional space [30]:
The finiteness of I defines a range of classical values attributable to two non-commuting variables 
332
On the other hand, a compromise between classical properties and quantum uncertainty can arise 333 when weak measurements are performed [32] .
334
A particular form of the Bekenstein constraint valid for confined systems within a horizon of events (it was originally deduced for black holes in [33] ) is the following:
where A is the horizon area and l ≈ 10 −33 cm is the Planck length. I represents the information 
359
We can divide the portion of the contemporaneousness space of the observer, internal to the Each cell can be in one of two states: 'on' if a localization occurs in it, 'off' otherwise. The number 363 of possible states is clearly 2 N and the information associated with these states is log 2 (2 N ) = N.
364
We assume that quantum jumps manifest the elementary components of the physical system within an 365 elemental cell of volume h 3 in their phase space, so that each state will correspond to a cell of volume 366 h 3N in the phase space of the total system. The logarithm of the number of states is therefore the same 367 information I of (23) We also observe that, starting from the two fundamental constants of the localization process, i.e., 
Quantum Computing in and Beyond Spacetime
389
In this section we will discuss the problem of the possible existence of spatiotemporal constraints on the quantum computing, raised by some authors [20,21]; our reference context will be the one described in the previous section. We will argue that such a constraint exists on the cosmological scale, but that it is in practice unattainable and, in any case, devoid of effects on the actually implementable quantum computing schemes. Our reasoning can be considered an answer to Davies [20] . We will start by considering the case of a single qubit:
This qubit will be by hypothesis associated with a particle. We also assume that the basic 390 amplitudes |+ , |− are spatially encoded, in the sense that the attribution of one of these two 391 amplitudes to the particle corresponds to its localization in one of two distinct spatial regions. We can 392 consider the actual case of a particle of spin 1/2 sent to a Stern-Gerlach analyzer which separates the 393 two components of spin along the direction of the applied magnetic field. The click of the counter "+"
394
downstream of the analyzer will be at the same time the measurement of the spin with result +1/2 395 and the spatial localization of the particle within the volume of the counter. A similar consideration 396 will apply to the click of the "−" counter. Consider then a system of n particles, each associated with a 397 qubit with basis amplitudes distinct from those of all the others. By encoding each of these amplitudes 398 with a distinct spatial region, the total amplitude of the n particles will be a superposition of 2 n n-ples 399 of distinct spatial regions. While the quantum computing occurs at the level of the phase relations 400 between these n-ples, which are a-spatial and therefore not subject to any constraint of spatial nature, 401 the situation is a little different for the single n-ple. It is indeed evident that every n-ple of space regions must belong to space, and therefore be contained in it as a subset. Now, the maximum number 403 n of qubits with spatially codable basis amplitudes will be given by the maximum number of possible 404 spatial positions for a particle at a given moment, within the cosmological horizon. As we have argued 405 in the previous section, this number is I ≈ 10 123 . In other words, the number of qubits will be subject 406 to the Bekenstein limit n ≤ 10 123 . Naturally this limit is satisfied by all current and future quantum 407 computer projects. However, it is also possible to show that it is unreachable by computers made up their charge is neutralized by as many electrons, an electronic density of 1.5 × 10 −7 /cm 3 is obtained.
413
We have therefore a particle density of 4.5 × 10 −7 /cm 3 . Assuming a de Sitter radius of 1.4 × 10 28 cm,
414
there are therefore in total 0.5 × 10 79 particles (nucleons and electrons). A lot less than 10 123 .
415
Comparisons with Other Approaches
416
No theory is born of nothingness, and every scholar is well aware of walking with others.
417
In this section we aim to take stock of the kinships that have been a source of inspiration for us.
418
Although the formal tools introduced in this work are the same as the current formulation of the molecules-for example-will be the same. However, there will be significant differences in the 424 treatment of interacting systems, in particular those with many particles, since they will present, in 
430
Other approaches try to obtain similar results by modifying the dynamics of the theory, a 431 stratagem that is not used in the context of our proposal. This is the case of spontaneous localizations 432 contemplated by the Ghirardi-Rimini-Weber (GRW) approach, both in the form of "hits" and as Another research program with which our approach has clear convergences is that of decoherence [57] [58] [59] [60] [61] [62] . Therefore, it seems opportune to emphasize here the similarities and differences, and we think that the best way to do this is to discuss briefly an elementary ideal case. Consider a classical macroscopic system; as we have seen, it consists of a normally very large number of elementary quantum components (for example, molecules). Let S be one of these components and E the complex consisting of the remaining components. Let us consider a specific interaction between S and the individual elements of E such that the total amplitude of S + E at time t is: elements of S to the amplitudes of S + E. This is the mechanism underlying the theory of decoherence.
513
In our approach all this remains true. Now, however, at a given instant of time the total amplitude 514 expressed by the preceding equation "collapses" into one of the basis amplitudes of S (s 1 or s 2 ) due to a 515 quantum jump. The probability of the two results is defined by the diagonal components of the density 516 matrix in the basis s 1 , s 2 . After the collapse, the off-diagonal coefficients reappear as a result of unitary 517 evolution, until a subsequent quantum jump. Thus the mean density matrix will have both diagonal 518 and off-diagonal terms. The decay of the off-diagonal terms in a "multi-hit" process (where each "hit" 519 is a QJ) was analyzed by Simonius in a pioneering work [63] . The decoherence time is a function of 520 the frequency of the Rabi oscillations of the free S system, of the degree of orthogonality between the 521 amplitudes of E and of the (normally Poissonian) temporal distribution of "hits", in turn dependent on 522 state variables such as temperature and pressure. The mean effect of a succession of quantum jumps 523 on the evolution of the density matrix therefore seems to be what the theory of decoherence describes.
524
From our point of view, however, the fundamental process is a piecewise unitary evolution, whose 
Conclusions
527
As is well known, the absence of trajectories in quantum formalism and the instantaneous 528 cancellation of the wave-function when the particle impacts on an absorber make any interpretation of by the Born rule. No 'micro-object' is assumed in the time interval between two subsequent events.
546
The quantum amplitudes associated with the preparation or post-selection are therefore not 'states' 547 of any 'system'; in particular, a linear superposition of these amplitudes has not to be intended as a 548 superposition of 'states'. Temporal localizations of physical quantities thus assume the role of primary 549 elements of physical reality, with the result that this one is made up of events, and no longer objects.
550
The Hilbert space thus becomes the basic mathematical structure that allows the definition formalism that has been made over the decades to describe the structure of matter (particles, nuclei, 558 atoms, molecules, condensed states) is in this way justified.
559
The quantum jump is a non-unitary operation that converts quantum information (encoded 
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